Multiple myeloma is characterized by clinical and biologic heterogenicity. Recently, genetic analysis has provided predictable prognosis across different types of treatment. These advances have allowed patients to be categorized into different risk groups and have been particularly useful in defining a high-risk group with short survival after standard-and high-dose chemotherapies. Preliminary studies have shown promising outcomes after the use of novel agents, such as bortezomib, thalidomide, and lenalidomide in high-risk patients, including those eligible for autologous stem cell transplantation and those who cannot or will not undergo transplantation. The application of risk-based therapy and the potential of the new agents to abrogate the influence of adverse prognostic features may improve outcomes in these patients. (JNCCN 2010; 8 
The use of nonchemotherapeutic antimyeloma agents is also driving efforts for improved prognostication. Recent data suggest that agents such as thalidomide, bortezomib, and lenalidomide may neutralize the effects of negative prognostic factors. An effective means of risk stratification is required so that patients with poor risk may be offered more aggressive treatment or be entered into clinical trials of novel agents as first-line therapy. This article discusses evolving systems for risk stratification and the potential of novel agents to improve outcomes in high-risk patients newly diagnosed with MM.
Evaluation of Genetic Changes
Plasma cells in MM harbor multiple and complex chromosomal abnormalities. Studies in the past 7 to 8 years have shown the prognostic value of genetic aberrations, and the assessment of chromosomal abnormalities is an additional parameter that can refine the identification of high-risk patients.
The different techniques currently used to detect genetic aberrations are conventional karyotyping, fluorescence in situ hybridization (FISH), and microarray technology. 5 Nearly all patients with MM have abnormal chromosomes according to FISH (deletions, aneuploidy, and translocations), but standard metaphase analysis identifies aberrant karyotypes in approximately 30% of patients. 6 Any abnormality detected conventionally identifies a subgroup with a higher proliferative rate and worse prognosis.
Several chromosomal changes have been associated with shorter survival. The most widely recognized poor prognosticators of survival are deletions of chromosome 13 or its long arm (del [13] ), translocations of the heavychain gene on chromosome 14 (t [4;14] or t [14;16] ), and deletion of p53 on chromosome 17p13 (del[17p]). Deletion or structural anomalies of chromosome 13 are Multiple myeloma (MM) is a clinically and pathophysiologically heterogeneous disease, as evidenced by variable response to treatment and variation in survival from a few months to more than 10 years. Nationwide U.S. data show that approximately 20% of patients survive longer than 10 years, irrespective of therapy. 1, 2 Genetic variations among myeloma cells appear to underlie much of the heterogeneity in clinical outcomes.
Several groups have reported on the prognostic capability of genetic information in MM, which has led to re-evaluation of the definition of high-risk disease.
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Risk Stratification
Genetic changes display such a high prognostic value that myeloma experts have recently recommended including cytogenetic and FISH evaluations in a risk stratification system (Table 1) . 4, 14 Routine molecular genetic testing is recommended for all patients with MM to identify the 25% with high-risk disease in whom conventional therapies perform poorly. The recommended basic test panel includes FISH detection of t(4;14), t(14;16), and del(17q); cytogenetic detection of del (13) ; and determination of serum β 2 M, lactate dehydrogenase, or plasma cell labeling index as surrogate markers of tumor cell proliferation.
This risk-stratification model in Table 1 forms the basis of the Mayo Stratification of Myeloma and Risk-Adapted Therapy (mSMART), an evidencebased algorithm of treatment decision-making that was developed at the Mayo Clinic for patients with newly diagnosed MM. 15 In general, these high-risk features define a population of 25% to 30% of patients who have median survival of 2 to 3 years, even with stem cell transplantation, compared with detected in approximately 50% of patients with an abnormal karyotype and in 10% to 20% of patients overall. Patients with chromosome 13 anomalies in their metaphase cells have shorter survival and lower treatment response rates. The effect of del(13) on prognosis is greater when it is detected with karyotype analysis in metaphase cells than with interphase FISH. 5, [7] [8] [9] Recent data suggest that the prognostic significance of del(13) may depend on its association with t(4;14), del(17p), or a high serum level of β 2 -microglobulin (β 2 M). 9 Chromosome translocations involving the immunoglobulin heavy-chain gene locus are detectable in 60% to 75% of patients with MM according to FISH. Translocations that have prognostic significance include t(4;14), t(14;16), t (11;14) , and t (6;14) . Of these, t(4;14) (detected in 15%-20% of patients) and t(14;16) (present in 2%-10% of patients) are unfavorable prognostic factors for patients with MM treated with either conventional or high-dose therapy (HDT). 5, 6, 8, 10 By contrast, t(11;14) (detected in 15%-20% of patients) characterizes a group of patients with neutral or somewhat favorable prognosis. 8, 9 Deletion of chromosome 17p13, present in 10% of patients, confers poorer survival. Patients with this deletion who undergo HDT followed by autologous stem cell transplantation (ASCT) have significantly shorter progression-free and overall survival than patients without this deletion. [6] [7] [8] Aneuploidy occurs frequently in MM cells, and ploidy status has a significant impact on prognosis. Hypoploidy is associated with more aggressive disease and shorter survival. Hyperdiploid MM has a lower frequency of immunoglobulin heavy-chain translocations and is associated with good prognosis. 5, 9 Although chromosomal anomalies have a high impact on survival, they must be evaluated in the context of other parameters, especially the β 2 M level. For example, subsets of patients with high-risk genetics, such as t(14;4) or del(17p), but with low β 2 M level may have a similar or only marginally worse prognosis than other patients. 9 A few teams have recently investigated the role of gene expression profiling (GEP) in the prognostication of myeloma, and several molecular classification systems have been proposed based on this technique. [11] [12] [13] Although GEP is useful for risk stratification, it is currently limited by a lack of a uniform patients are therefore considered appropriate candidates for alternative approaches, including early incorporation of novel agents. Clinical trial data suggest that in patients with MM who are eligible for transplantation, newer agents may be able to overcome the adverse influence of cytogenetic abnormalities (Table 2) . [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Two major combinations have emerged as treatment options for elderly patients and others who will not undergo transplantation: melphalan-prednisone (MP) plus an immunomodulatory agent, and MP plus bortezomib. Both of these approaches have resulted in outcomes superior to those with MP alone and are recommended induction therapies (NCCN category 1 recommendation) in patients ineligible for transplantation. 17 These new combinations have also shown efficacy in high-risk patients ineligible for transplantation (Table 3) .
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Role of ASCT
The introduction of reduced-intensity conditioning more than 6 to 7 years for patients with standardrisk MM. 16 Furthermore, identifying the other 75% of patients as standard risk allows them to receive appropriate treatment with minimal toxicity.
Emerging data suggest that novel therapies and combinations may ameliorate the adverse influence of these poor-risk features, underscoring the importance of including genetics into risk-stratification schemes. Current NCCN guidelines include cytogenetic and FISH evaluation as part of the initial diagnostic workup but note that further data are needed before cytogenetic information can be incorporated into patient management.
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Outcomes With Novel Agents
A major application of genetic stratification is in the selection of candidates for HDT-ASCT. Several large studies have shown that patients defined as being at high risk genetically do not develop durable responses to HDT as currently practiced, and many experience early relapse after ASCT.
7-9,18 High-risk Abbreviations: AK, abnormal karyotype; β 2 M, β 2 -microglobulin; bort, bortezomib; CA, chromosomal abnormality; CR, complete response; dex, dexamethasone; dox, doxorubicin; EFS, event-free survival; FGFR3, fibroblast growth factor receptor 3; FISH, fluorescence in situ hybridization; GEP, gene expression profiling; HRCA, high-risk cytogenetic abnormality; ISS, International Staging System; len, lenalidomide; MM, multiple myeloma; MMSET, multiple myeloma SET domain; nCR, near complete response; NR, not reported; NS, not significant; ORR, overall response rate; OS, overall survival; PACE, cisplatin, doxorubicin, cyclophosphamide, etoposide; PCLI, plasma cell labeling index; PFS, progression-free survival; PR, partial response; thal, thalidomide; TD, thalidomide-dexamethasone; VGPR, very good partial response; VTD, bortezomib-thalidomide-dexamethasone.
regimens with reduction in immediate transplantationrelated mortality and stable engraftment has rekindled interest in allogeneic transplantation. In patients with poor-risk disease, nonmyeloablative conditioning regimens (mini-allogeneic transplantation) with or without donor lymphocyte infusions have resulted in excellent responses and stable engraftment, with lower transplantation-related mortality, although acute and chronic graft-versus-host disease remains a troubling complication. 34, 35 In a prospective trial, the Intergroupe Francophone du Myélome studied ASCT followed by nonmyeloablative allotransplantation in patients with newly diagnosed MM who had both elevated β 2 M and del (13) , 36 then compared the results with data on patients with the same high-risk features but had no donor and had undergone tandem ASCT. 37 The median duration of overall (35 vs. 41 months) and progression-free survival (25 vs. 30 months) did not differ significantly between the regimens. 36 Encouraging long-term follow-up results were recently reported for 102 patients who underwent ASCT followed by nonmyeloablative allogeneic hematopoietic stem cell transplantation from a human leukocyte antigen-identical sibling. 38 After a median follow-up of 6.3 years, the median overall survival was not reached, and estimated 5-year overall and progression-free survival were 64% and 36%, respectively. Although cytogenetic studies were not performed at specific times or using uniform methods, the authors reported that cytogenetics had no effect on the risk for relapse, suggesting that allogeneic transplantation may overcome adverse genetic prognostic features. A recent analysis of the prognostic impact of the most frequent genetic abnormalities in patients who underwent allogeneic transplantation showed that del(17p) was the only significant prognostic factor, with a negative impact on complete response and length of event-free survival. 39 In multivariate analyses, only del(13) and del(17p) significantly influenced the rate of relapse, whereas for event-free survival, only age and del(17p) remained negative prognostic factors. Major findings were that t(4;14) was not associated with a worse complete response rate or shorter eventfree or overall survival, suggesting that the negative effect of t(14;4) might be overcome with allogeneic transplantation. These results may have implications for risk-adapted strategies.
Abbreviations: β 2 M, β 2 -microglobulin; bort, bortezomib; CR, complete response; EFS, event-free survival; NS, not significant; ISS, International Staging System; KPS, Karnofsky performance status; OS, overall survival; TTP, time to progression. 
Conclusions
Defining a high-risk cohort of patients with MM with short survival regardless of treatment will be helpful in guiding management decisions. With the demonstrated adverse influence of chromosomal changes, various groups have endorsed a new risk stratification model that incorporates recently defined independent prognostic markers of underlying myeloma cell biology. Efforts have focused on defining a highrisk group that might merit a different management approach, such as early treatment with novel agents. The proposed risk stratification system remains a global stratification and is not therapy-based, although ongoing trials may uncover risk factors specific for individual therapies. The general agreement is that no definitive treatment can currently be mandated based on the presence of risk factors. 14 The use of genetic information for stratifying risk and making treatment decisions continues to be explored in clinical trials and will likely play a greater role in patient care in the near future.
New therapies with novel mechanisms of action may benefit patients for whom other therapies fail. Preliminary reports from several groups show high response rates with use of bortezomib, lenalidomide, and thalidomide in both the transplantation and nontransplantation settings in high-risk patients, suggesting that these new agents may ameliorate the effects of adverse prognostic factors. Long-term follow-up and confirmation in prospective, comparative trials will be required to determine whether clinical benefit can be sustained.
